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Summary. The series of ulcers of the lower extremities known as “diabetic foot” is a common complication
of diabetes and the chief cause of admission to hospital. The causes may be numerous but the main ones are
distal symmetric neuropathy and peripheral obliterative arteriopathy, often complicated by infection. In this
review, the Authors, after having illustrated the main pathophysiological aspects of the diabetic foot, describe
the clinical characteristics of the disease, focusing particularly on the risk of suprainfection and vascular
problems. The clinical and therapeutic approach to diabetic foot is also investigated with particular reference
to the antibiotic treatment of infections and the treatment of peripheral arterial disease. Poor tissue repair,
persistent inflammation, the presence of deep abscesses, osteomyelitis and systemic involvement can lead to a
very serious clinical picture of gangrene or necrosis, which is initially localised but which can extend widely,
requiring minor or major amputation surgery, in order to radically remove the infected tissue. In conclusion,
space for discussion is given to the rationale of hyperbaric oxygen therapy, negative pressure wound therapy
and other advanced therapies that involve the use of dermoepidermal equivalents and skin substitutes in addi-
tion to gels made of platelet-derived growth factors and the epidermal growth factor. Nonetheless, prevention
is, of course, of fundamental importance, based on an intensive treat-to-target approach for the treatment of
diabetes, on regular examinations of the feet, on the stratification of risk and education of the patient, which
has proved successful in reducing the onset of foot lesions in at least 50% of patients. (www.actabiomedica.it)
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Preliminary remarks

In the natural history of diabetes mellitus, ulcers
of the lower extremities are very common (1) and are
defined as “diabetic foot”. This disease has a multi-
tude of causes, but the main aetiologies consist of two
chronic complications of the disease: distal symmetric
neuropathy and peripheral obliterative arteriopathy (2)
often accompanied by infection.

“Diabetic foot” is the main cause of hospitalisa-
tion in diabetic patients (3) due to infection, gangrene,
amputation surgery and the correction of Charcot foot.
Over 60% of non-traumatic thigh or knee amputations
are performed on diabetic patients (4-6), and the risk
of amputation, which increases from 15 to 40 times in

studies on these populations (7, 8), is parallel to the
prevalence of both neuropathy and of vasculopathy (9).

In actual fact, a combination of many factors can
slow down the healing process of a foot ulcer: ischae-
mia, infection, wound management, discharge and the
presence of comorbidities (10).

Over recent years, some studies have reported a
decrease in the incidence of major amputations (11,
12) probably due to the multidisciplinary approach to
the disease, which involves various categories of pro-
fessional figures, and thanks to the launching of pre-
vention programmes which identify subjects at risk
with a view to including them in an education pro-
gramme in order to be able to monitor them effectively
and implement suitable therapeutic actions.
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The pathophysiology of the diabetic foot

The pathophysiological moments that contrib-
ute to the genesis of the alteration of the anatomo-
functional alterations of the diabetic foot derive from
the sum of autonomic sensory-motor neuropathy and
peripheral vascular disease (2). Depending on the
presence of one or other of these aspects, we can have
neuropathic foot, ischaemic foot or, more frequently,
neuro-ischaemic foot, given the simultaneous presence
of neuropathy and vasculopathy (Diabetic Foot Dis-
orders).

Diabetic neuropathy

Diabetic neuropathy involves sensory, somatic
and autonomic fibres indiscriminately, causing specific
alterations that transform into clinical manifestations
of neuropathic foot.

In addition to generating the typical stocking-
glove dysesthesias, impairment of the sensory path-
ways also makes the foot insensitive to the tactile and
pain stimuli responsible for the mechanisms that de-
fend it from external noxae, be they physical or chemi-
cal in nature. The patient also loses the capacity to feel
and therefore, is unable to correct the plantar overload
areas responsible for the formation of calluses, which
then lead to neuropathic ulcers. These, in fact, often
present as a plantar ulcer with a typical hyperkera-
totic border, a signal of chronic plantar overload (13,
14). Damage to the motor component is followed by
trophic changes in the muscles of the innervated dis-
tricts, which generate a series of anatomical alterations
in the foot. Hypotonia is observed followed by hypo-
trophy of the intrinsic muscles causing an imbalance
of the action between the flexor and extensor muscles,
which leads to a deformation in the architecture of the
foot. Frequently, the muscles of the anterior loggia of
the leg are affected with the onset of equinus, hammer
toes, pes cavus and protrusion of the metatarsal heads.
Moreover, the glycation of tendon and capsular col-
lagen makes these structures hypoelastic, limiting the
degree of freedom of the joints and contributing to the
generation of plantar overload.

Impairment of the autonomic nervous pathways
brings about a reduction in the physiological tonic

control of the sympathetic nervous system at a mi-
crocirculatory level, and of the sweat glands of the
foot. Therefore, an increase in the pedal blood flow is
observed with the opening of arteriovenous shunts,
which make the foot hot, swollen and with turgid dor-
sal veins due to increased venous return. Decreased
sweating causes progressive xeroderma, which leads to
the skin having poor elasticity, being flaky and prone
to cracking. These lesions are particularly prone to the
risk of infection inasmuch as the alterations in the skin
pH secondary to anhidrosis favour the development of
a microbial flora likely to harbour more potential path-
ogens. The most serious expression of the neuropathic
foot is clinically manifested in Charcot’s arthropathy,
which is also known as “Charcot foot”. In this case,
the serious anatomo-functional alterations are the re-
sult of profound disruption of the architecture of the
foot, which presents with a fallen arch secondary to the
dislocation of the tarsal bones, micro- and macro-frac-
tures due to decreased bone density and, frequently,
ulcers of the midfoot. One of the pathogenic mecha-
nisms responsible for Charcot foot is the uncontrolled
increase of the blood flow secondary to sympathetic
denervation. This would favour excessive bone resorp-
tion with a consequent increase in the risk of fractures,
also for minimal traumas (15). Some studies have ob-
served how patients affected by Charcot’s arthropathy
present with an excess of inflammatory cytokines at a
local level and, in particular, of TNF-alpha and IL-1
beta. These would have the power to increase the con-
centration of RANKL (receptor activator of nuclear
factor K-beta ligand) which, in turn, would stimulate
the expression of nuclear factor kB. The latter, pro-
moting the maturation of the osteoclasts, would be re-
sponsible for greater local bone resorption. Normally,
healthy neurons secrete an osteoprotective peptide
called “Calcitonin gene-related peptide” (CGRP) the
effect of which is to reduce the synthesis of RANKL
and thus preserve joint integrity. The role of CGRP
is crucial in cases of neuropathy in which its reduced
secretion has been demonstrated. In this way, the neu-
ropathy would prompt an action favouring the devel-
opment of osteoporosis secondary to local inflamma-
tion by reducing the release of CGRP (16).

Last but not least, it is important to remember
how diabetic neuropathy, particularly through de-
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creased tone of the sympathetic nervous system, is
correlated with the deposition of calcium salts in the
tunica media of arteries (Monckeberg’s medial calcific
sclerosis), contributing to a worsening of atheroscle-
rotic arteriopathy, through an increase in parietal stiff-
ness and a reduction of the vessel lumen.

Peripheral arterial disease

The salient characteristics of obstructive periph-
eral arterial disease in the diabetic patient as opposed
to the general population are well-known: it is more
frequent, it has an early onset, has a more rapid evolu-
tion and mainly involves the subpopliteal distal dis-
trict. It is also important to remember that due to the
concomitant sensory neuropathy, the pain symptom -
the indicator for ischaemic muscle damage - may be
lacking not only during the later phases of the disease
when ulcers are already present, but also during the so-
called “functional ischaemia” or intermittent claudica-
tion phase. For these reasons, when, in a diabetic foot,
semiological signs become visible, severe peripheral
arterial disease is usually already in course. The clinical
characteristics of the chronically hypoperfused foot are
the direct representation of the poor blood supply to
the district affected: thinning skin with an atrophic,
translucent appearance, through which it is possible to
see the subcutaneous circulation, pale colour, low tem-
perature, absent or hyposphygmic pulses, fragile veins,
hairlessness, and dystrophic nails.

The vascular foot, moreover, becomes particularly
susceptible to the formation of ulcers in a wide vari-
ety of sites although this is frequently correlated with
trauma due to friction caused by footwear (sides of the
foot, heel bone, back) or with poor care of the foot
(area around the nails).

A typical clinical scenario of the vascular diabetic
foot is also represented by gangrene of the toes and
the frontal part of the foot. This can be divided into a
dry form and a damp form when a suprainfection is in
course. In the “blue toe syndrome”, caused by the oc-
clusion of the common digital artery, the toes first turn
a purply-red colour, after which they become cyanotic
and ultimately black. In absence of infective complica-
tions, the skin becomes dry and shrivelled and the toes
may become mummified.

A particular aspect of atherosclerosis, which is of-
ten observed in diabetics, is Monckeberg’s medial cal-
cific sclerosis, which involves the deposition of calcium
salts in the tunica media of the arteries, secondary to
secondary to sympathetic denervation.

Although peripheral arterial disease is generally
considered an additional risk factor for the develop-
ment of ulcers, this data has not been confirmed to
the same extent as that referring to neuropathy. It is
well-known, on the other hand, that the presence of
peripheral obliterative arteriopathy represents an im-
portant prognostic factor for amputation (17). It is also
an obstacle to the treating and healing of infected le-
sions inasmuch as it reduces oxygenation and antibi-
otic release (18, 19).

Finally, it is also crucial to remember that pe-
ripheral vascular disease in the diabetic patient, as per
erectile dysfunction, should not be considered merely
in terms of the vascular disease of the lower limbs, but
conceived of as a specific manifestation of the general-
ised arteriopathy typical of this patient. It is, therefore,
a good idea to investigate a possible involvement of the
cerebral and cardiac districts (echo-colour-Doppler of
the epiaortic trunks, electrocardiogram, echocardio-
gram) also in the light of any therapeutic repercussions
that could derive therefrom (20).

Clinical characteristics of diabetic foot infections

Ischaemia and neuropathy associated with gly-
cometabolic failure, place patients affected by diabetic
foot at a greater risk of developing infections of the
superficial and deep tissue. It is well-known that di-
abetics present a deficit in the anti-bacterial activity
of monocytes-macrophages and polymorphonuclear
granulocytes. Moreover, poor tissue perfusion second-
ary to peripheral vascular disease brings about a re-
duced inflammatory response with alteration of the
wound healing process. Added to this is an abnormal
synthesis of collagen due to non-enzymatic glycosyla-
tion processes.

In the diabetic foot, infections can manifest them-
selves with clinical signs that are modest compared to a
non-diabetic patient and this can lead to an erroneous
underestimation of the gravity of clinical pictures that
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do not appear serious but which can evolve rapidly
towards destructive forms, placing the limb, or even
the life of the patient at risk. This happens when the
simultaneous presence of neuropathy and vascular dis-
ease, with consequent reduction of the classic signs of
inflammation (in particular dolor, rubor and calor), in-
duces the doctor and the patient to underestimate the
gravity of the infective process, which can easily spread
due to the immunological deficits (13, 14).

Infections of the soft tissues

Infections of the skin and adnexa are probably
the most common infections in diabetic patients. Each
soft tissue lesion could potentially spread throughout
the limb through the plantar spaces, causing necro-
sis, cellulitis, phlegmons and abscesses. Necrotising
skin lesions are particularly serious as they can rapidly
evolve and present an elevated level of systemic toxic-
ity with a high mortality rate.

The simultaneous presence of staphylococcal and
streptococcal bacteria can generate very serious clini-
cal scenarios of cellulitis and phlegmonosis, which can
rapidly lead to widespread necrotic areas. This process
is promoted by streptococcal hyaluronidase, which fa-
cilitates the spread of the necrotising toxins produced
by the staphylococci. These germs are, moreover, capa-
ble of producing angiotoxins, which can cause in situ
thrombosis of the vessels, potentially leading to necro-
sis and gangrene.

A very dangerous scenario is created by necrotis-
ing fasciitis in which the onset of the infective process
is generally deep in the site of a trauma or an insect
bite. The lower limbs are the parts most affected al-
though this condition can manifest itself in any area
of the skin. Initially, the signs of acute cellulitis appear
with redness, swelling and intense pain, after which
the affected area becomes bluish in colour and blisters
appear, initially containing a yellow substance which
then turns reddish-black. The infection extends rap-
idly along the fascial layers causing widespread necro-
sis. The blisters burst and skin gangrene with clean-cut
edges appears (21). Patients often present with a toxic
state accompanied by fever and often ketoacidosis.
Generally, the aetiology is polymicrobial with a mix-
ture of aerobic and anaerobic species.

There is a higher incidence of non-clostridial
crepitant cellulitis in diabetics compared to non-dia-
betics characterised by the widespread presence of gas
in the tissues and by dark, fetid-smelling secretions.
The aetiological agents are anaerobes on their own or
in association with aerobes (21).

Osteomyelitis

Osteomyelitis is a serious complication of the in-
fected diabetic foot, being correlated with a high risk
of amputation. All the bones in the foot can be affected
although those most frequently involved are the small
bones of the toes and the metatarsal heads. Clinically
speaking, an osteomyelitic process is to be suspected
when patients present with:

* slow-healing ulcers which on probing allow
contact with the bone structures (probe-to-bone
test);

* fever and localised pain;

» areas of perilesional osteorarefaction visible in
the X-ray of the foot.

Unfortunately, radiographic findings are often
non-specific inasmuch as areas of bone demineralisation
may also be observed due to inflammatory osteoporo-
sis in absence of infection. Nuclear magnetic resonance
imaging of the foot provides more accurate results.

Last but not least, it is important to remember
that a biopsy of the affected bone with histological
and microbiological analysis is the gold standard for a
correct diagnostic and therapeutic definition. But this
examination too is not devoid of errors: false negatives
can occur when insufficient samples are available or af-
ter treatment with antibiotics. On the other hand, false
positives can occur in the case of contamination from
external agents.

Therefore, the diagnosis of osteomyelitis is pre-
dominantly based on clinical findings (torpid infec-
tions, exposed or probeable bone tissue, resistance to
antibiotic treatments) associated with one or more ra-

diological alterations (19).
Bacteraemia

Bacteraemia is a serious complication for patients
as it exposes them to the risk of sepsis, to the formation
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of metastatic infections (such as endocarditis, cerebral
abscesses, arthritis) and to disseminated intravascular
coagulation phenomena with a high mortality rate. In
these cases, the angioinvasive nature of the microor-
ganisms involved comes into play, i.e. their capacity to
enter the bloodstream starting from the initial site of
infection (19)

Treatment of infections

Infections of the lower limbs are one of the main
reasons for hospitalising patients affected by diabetes
mellitus, and one of the main factors leading to the
potential amputation of a limb. The inflammatory pic-
ture can present in various ways; in particular, clinically
there is a tendency to distinguish between minor infec-
tions, in which the lower limb is not at imminent risk
of amputation, and more serious infections in which
the potential risk of losing the limb effectively exists.

The more minor infections are usually distin-
guished by superficial ulcers, without significant signs
of ischaemia, and the lesion does not penetrate down
to the deeper layers. In these cases, the perilesional cel-
lulitis does not extend by more than 2 cm from the
initial site of infection. These patients are usually clini-
cally stable, and do not show signs of systemic involve-
ment.

However, moderate-to-severe infections, which
can place the limb at risk, normally present with per-
ilesional cellulitis, which extends by more than 2 cm
from the entry portal, in presence of systemic clinical
manifestations such as fever, localised swelling, lym-
phangitis, hyperglycaemia, leukocytosis, and increased
inflammation markers. In addition to the above, also
the presence of signs at a local level, such as purulent
secretions, fetid odour, gangrene or necrosis are indi-
cations of severe infection. It is important to underline
how, in some cases, in diabetic patients with infections
in the advanced stages, the above signs and symptoms
might not be evident due to a reduced inflammatory
response linked to conditions of peripheral neuropa-
thy or ischaemia: in fact, not only do many patients
not report pain, but neither do they present with fe-
ver or leukocytosis, or increased ESR or CRP, even
in clinical pictures characterised by severe infections

(22). The gravity of the infection determines the need
for admission to hospital, the choice of the antibiotic
to be administered, the administration route and the
duration of the treatment. Culture samples can be
a useful guide in determining the type of antibiotic
treatment to be adopted, but various studies demon-
strate that the only useful samples are those taken from
the deep tissues, obtained aseptically during debride-
ment or a surgical procedure. Swabs from superficial
wounds can be full of contaminants and misleading
for the choice of the correct therapy. Often the infec-
tion to be investigated is polymicrobial, and if several
organisms are isolated, the policy is not to direct the
therapy at the less virulent bacteria, such as entero-
cocci, coagulase-negative staphylococci or corynebac-
teria. Staphylococcus aureus is the most virulent and
most frequently isolated pathogen, but beta-hemolytic
streptococci, or other Gram-positive germs are also
found. In patients with previously treated infections, it
is possible to isolate enterobacteria or Gram-negative
cocci or multi-resistant microorganisms such as S. au-
reus MRSA or enterococci resistant to vancomycin.
Chronic wounds can present various bacterial species,
including Pseudomonas aeruginosa, in particular in
patients in mild climate zones and in subjects treated
with hydrotherapy or frequent exposure of the skin to
water. Finally, anaerobic pathogens are the most fre-
quent in wounds with ischaemic necrosis or in those
that attack the deep tissues. These pathogens are rarely
the only ones and often form part of polymicrobial in-
fections (23-25).

Treatment with antibiotics

As is well-known, international guidelines repeat-
edly stress the concept of not treating non-infected
wounds with antibiotics (IDSA) (26) (Tab. 1).

Infected wounds must be treated with specific lo-
cal medicaments, in association with antibiotic therapy,
but first and foremost debridement must be performed
and, if required, a surgical procedure in the case of
deep widespread infections of the soft tissues, abscess-
es with compartment syndromes or in the presence of
necrotic tissue. Last but not least, for rapid healing of
the wounds, optimal glycaemic control and sufficient
vascularisation are of fundamental importance.
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Table 1. Suggeted empiric antibiotic regimens based on clinical severity for diabetic foot infections*

Infection Severity Probable Pathogen (s) Antibiotic Agent Comments
Mild (usually treated Staphylococcus aureus Dicloxacillin Require QID dosing; narrow
with oral agent[s]) (MSSA); Streptococcus spp spectrum; inexpensive
Clindamycin® Susually active against
community-asso-ciated MRSA, but
check macrolide sensitivity and consider
ordering a “D-test” before using for
MRSA. Inhibits protein synthetis of
some bacterial toxins
Cephalexin® Requires QID doisng; inexpensive
Levofloxacin® Once daily dosing: suboptimal

Against S. Aureus

Amoxicillin-clavulanate®

Relatively broad spectrum oral agent
that includes anaerobi coverage

Methicillin-resistant

Doxycycline

Active agains many MRSA & some
gram-negatives; Uncertains against
streptococcus species

Trimeth orpim/sulfamethoxazole

Active agains many MRSA & some
gram-negatives; Uncertains activity
against streptococci

Moderate (may be treated ~ MSSA; Steptococcus spp; Levofloxacin® Once-daily dosing; suboptimal
with oral or initial Enterobacteriaceae; against S. aerosu
parenteral agent[s]) or obligate anaerobes
severe (usually treated
with parenteral agent[s])
Cefoxitin® Second genertori oephalossporin
with anaerobic converage
Ceftriaxone Oncedaily dosing, third-generation

Cephalosporin

Ampicillin- sulbactam®

Adequate if low suspiction of P.
aeruginosa

Moxifloxaci®

Once-daily oral dosing. Relatively
broad-spectrum, including mosts
obligate anaerobic organism

Ertapenem”

Once-daily oral dosing. Relatively
broad-spectrum, including anaerobes,
but not active against P. aeruginosa

Tygecycline®

Active agains ;RSA. Spectrum may be
excessilvely broad. Hig rates of nausea
and vomiting and incresed mortality
warning. Nonequivalent to

ertapenem + vncomycin in 1
randomized clinical trial

levofloxacin® or ciprofloxacin®
withclindamycin®

Limited evidence supporting
clindamycin for severe S. Aureus
infection; PO & IV formulations for
both drugs

Imipenem-cilastatin
withclindamycin®

Very broad-spectrum (but not agains
MRSA); use only when this is required.
Consider when ESBL-producing
pathogens suspected

(continued)
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Table 1. Suggeted empiric antibiotic regimens based on clinical severity for diabetic foot infections*

Infection Severity Probable Pathogen (s) Antibiotic Agent Comments
MRSA Linezolid® Expensive; increased risk of toxicities
when used >2 wk
Deptomycin® once-daily dosing. Requires serial
monitoring of increasing
Vancomycin® Vancomycin MICs for MRSA are

gradually increasing

Pseudomonas aeruginosa

Piperacillin-tazobactam®

TID/QID dosing. USeful for
broad-spectrum coverage. P.
aerruginosa is an uncommon
pathogen in diabetic foot infections
except in special circumstances (2)

Infection severity Probable Pathogen(s)

Antibiotic Agents

Comments

MRSA, enterobacteriacae,
Pseudomonas, and
obligate anaerobes

Vancomyecin® plus one of the
following; ceftazidime, cefepime,
piperacillintazobactam®,
aztreonam®, or a cabapenem®

Very broad-spectrum coverage;
usually only used for empiric
therapy of severe infection.
Consider addition of obligate
anaerobe coverage if ceftazidime,
cefpime, or aztreonam selected

Agents in boldface type are those that have been most commonly used as comparators in clinical trials (see Tuble 7). The only agents currently specifically FDA approved for

diabetic foot infections are shown in italics.

Narrow-spectrum agents (eg, vancomycin, linezolid, daptomycin) should be combined with other agents (eg, a fluoroquinolone) if a polymicrobial infection (especially

moderate or severe) is suspected.

Use an agent active against MRSA for patients who have a severe infection, evidence of infection or colonization with this organism elsewhere, or epidemiological risk

Sactors for MIRSA infection.

Select definitive regimens after considering the results of culture and susceptibility tests from wound specimens, as well as the clinical response to the empiric regimen.

Similar agents of the same drug class can probably be substituted for suggested agents.

Some of these regimens do not have FDA approvai for complicated skin and skin structure infections.
Abbreviations: CPK, creatine phosphokinase; ESBL, extended-spectrum b-lactamase; FDA, US Food and Drug Administration; 1V, intravenous; MIC, minimum
inhibitory concentration; MIRSA, methicillin-resistant Staphylococcus aureus; MISSA, methicillin-sensitive Staphylococcus aureus; PO, oral; QID, 4 times a day; TID, 3

times a day.

“ Agents approved for treating skin and skin structure infections on the basis of studies that excluded patients with diabetic foot infections It eg, ceftaroline, telavancin) are

not included.

* Agents shown to be effective in clinical trials including patients with diabetic foot infections.

Daptomycin or linezolid may be substituted for vancomycin.

In connection with the choice of treatment, the
two possible situations likely to arise are as follows.

In the case of a superficial wound, or a moder-
ate infection, as already mentioned, without systemic
symptoms, hospitalisation is not necessary and antibi-
otic therapy by oral route is normally sufficient. Thera-
py should be started as soon as possible, and with drugs
that offer adequate cover against Gram-positive micro-
organisms, with a narrow spectrum (amoxicillin-cla-
vulanic acid, cephalosporin, fluoroquinolones, doxycy-
cline). Usually after 3-5 days, an initial clinical response
is observed with improvement of inflammation; if this

were not the case, it would be advisable to re-evaluate
the wound with the possibility of adjusting the initial
therapy, particularly if culture examinations are avail-
able, formulating it on the basis of the antibiogram. The
therapy normally lasts for a total of 1-2 weeks.

For severe infections, that is, in the presence of
systemic symptoms, the antibiotic therapy should
be administered by parenteral route, and therefore,
hospitalisation is recommended. Once the patient is
clinically stable, the transition to therapy by oral route
may be made. Often in these cases there is involve-
ment of the deep tissues, with clinical signs such as
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oedema, lymphangitis, soft tissue necrosis, gangrene
and/or osteomyelitis. An X-ray should be carried out
to exclude bone involvement and to assess the possible
presence of gas. If septicaemia is suspected, it is useful
to take samples for haemoculture. The metabolic and
nutritional state of the patient must be fairly good in
order to guarantee more rapid healing of the wounds.
In this case, antibiotic therapy will be a wide spectrum
treatment, using several drugs (ampicillin-sulbactam
piperacillin-tazobactam, ceftazidime-clindamycin,cef
otaxime+clindamycin, fluoroquinolone+clindamycin,
vancomycin+levofloxacin+metronidazole, meropenem,
linezolid, tigecycline).

Usually the antibiotic therapy lasts for 2-4 weeks.

Last but not least, a multidisciplinary approach
should be considered for the evaluation of the vascular
structure and the possible need for a surgical operation
(even conducted in various stages), for the draining of
abscesses and/or amputation. The taking of bone tis-
sue or deep tissue samples can be very useful in these
cases for the preparation of appropriate microbiologi-
cal cultures.

The factors that normally prognosticate healing
are the absence of exposed bone, a palpable popliteal
pulse, toe pressure >45 mmHg, ankle pressure > 80
mmHg, a peripheral white blood cell count <12000/
mmc and a transcutaneous pressure of O2 > 40 mmHg.
Patients who have had an infection in the past are at
risk of recurrences in the course of a few years, so ef-
fective education on the subject of prevention is of vital
importance (27-31).

Peripheral arterial disease: diagnostic-therapeutic
approaches

The prevalence of peripheral arterial disease
(PAD) in subjects affected by diabetes is high: from
10 to 40% depending on the definitions used (32-36).
The incidence is correlated with smoking, hyperten-
sion, age, HbAlc value, and it is calculated that for
every 1% increase in HbA1c there is a corresponding
26% increase in the risk of PAD (34, 37, 38).

Peripheral arterial disease (PAD), involving a
greater risk of amputation, is the most important fac-
tor after the revascularisation processes (39, 40).

So in the case of foot lesions, the questions to ask,
in addition to verifying for the possible presence of in-
fection, are:

- is there concomitant peripheral obliterative ar-

teriopathy?

- Is there critical ischaemia of the lower limb? (de-
fined by TcPO2 <10 mmHg on the back of the
foot without any increases following the inhala-
tion of oxygen, or ankle pressure <30 mmHg in
absence of arterial calcifications with evidence
of gangrene, or pain at rest requiring analgesics
lasting more than two weeks).

Non-invasive examinations of the arterial district
of the lower limbs include, in addition to the physi-
cal examination of the peripheral pulses, segmental
Doppler pressures of the ankle / arm (ABI = ankle-
brachial indices), positive if < 0.9, but it should also
be taken into account that it could appear falsely el-
evated if the rear tibial artery is incompressible due
to calcification of the tunica media, the measurement
of transcutaneous oxygen pressure (TcPO2,) which if
< 30-40 mmHg, prognosticates difficult healing of the
ulcer (41), echo-colour-Doppler ultrasound to explore
the proximal and distal arterial circulation. But even
if these non-invasive vascular tests do not give clearly
pathological results, it is essential to consider an angi-
ography if the foot ulcer fails to heal after 6 weeks of
optimal treatment (35, 39).

If a critical ischaemic state is in course, the wounds
will not heal unless revascularisation is performed.
Therefore, there is an indication to immediately conduct
an aortography+ipsilateral femorography with an exam-
ination of the circulation of the foot (42, 43). In most
centres, the angiography of the lower limbs is carried
out using Seldinger’s technique, after careful rehydra-
tion in order to reduce the risk of contrast nephropathy.
This investigation may be replaced by or integrated with
an MRA or CT angiography (35, 44). The MRA evalu-
ates the aortoiliac flow very well and is recommended
first and foremost if an overview of the arterial axis is
required. C'T angiography, on the other hand, examines
the arterial wall, therefore it is important when plan-
ning endovascular revascularisation strategies or tactics
(e.g. subintimal angioplasty) becomes necessary, even
though the sensitivity of the subpopliteal district is still
inferior to that of the angiography (43).
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The restoration of arterial circulation, a priority in
the case of critical ischaemia, can be achieved through:
1. endoluminal methods: a) percutaneous trans-
luminal angioplasty (PTA) with the application of
a stent, b) loco-regional thrombolysis, possibly fol-
lowed by angioplasty; 2. open procedures: a) bypass

with saphenous vein in situ or saphenous vein invert-

ed or with biological materials or synthetic alterna-
tives (with poorer long-term patency results), if the
peripheral run-off is sufficient, b) thromboendarter-
ectomy.

Table 2 illustrates the flow chart of our approach
to patients with ulceronecrotic lesions of the foot and

PAD.

Presence of stenosis or
occlusions

y

aortography + traditional
ipsilateral femorography

S

stenotic-obstructive lesions of
the popliteal trunk or

no

=

yes

patency of the arteria dorsalis
pedis or of the posterior tibial

yes no

€

loco-regional thrombolysis with
urokinase

|

rechannelisation but with
persistence of stenosis or
popliteal

|

cutaneous angioplasty

/ situ or with saphenous vein

In all patients not subjected to an angiography at the outset, because not affected by critical ischaemia:

Arterial Doppler ultrasound examination of the lower limbs

absence of stenosis or

occlusions

Medical or traditional surgical
treatment of any proximal
lesions

Bypass with saphenous vein in

Marked rechannelling but
satisfactory peripheral runoff

No angiographic changes

Medical treatment with
prostacyclin or prostaglandin,
anticoagulant therapy,
antiaggregant therapy
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Attempts to salvage a Iimb affected by diabetic
gangrene through loco-regional thrombolysis with
urokinase, used primarily in the ‘90s, should be re-
served for cases with ulceronecrotic lesions at least
4 weeks old. Beyond this period, the natural history
of the lesion does not seem affected by the method
probably due to the incapacity of the drug to lyse the
“older” thrombi which also obstruct the vessels of the
collateral circulation (45).

The use of pharmacological therapy to maintain
patency after revascularisation is still controversial but
antiaggregant treatment is used by most of the authors
(43, 20). In order to maintain the patency of the grafts,
numerous studies confirm the efficacy of ASA (Grade
1A) (46) and ticlopidine (Grade 1B). Definitive data
on clopidogrel is not yet available and the policy of our
centre is to follow current guidelines which recommend:
infrainguinal bypass with autologous vein or prosthetic
material and ASA, distal bypass with vein ASA; bypass
with a high occlusion risk (poor run-off, venous chan-
nel not optimal, femorodistal bypass) and antivitamin
K+ASA. In order to maintain arterial patency after the
endovascular procedure, some studies show favourable
results with long-term ASA (Grade 1C) (47); suffi-
cient data is not yet available to demonstrate the safety
and efficacy of ASA+copidogrel; in any case, with re-
gard to favourable reports on coronary circulation, it is
reasonable to envisage this association in the medium
term after a surgical procedure on smaller calibre ves-
sels (48, 49). In our clinical practice, after PTA with
or without stenting of the iliac artery and ASA, of the
femoral artery, popliteal artery and subpopliteal district
ASA-+ticlopidine or ASA+clopidogrel; in the 24 h af-
ter surgery continuous infusion of Iloprost 0.05 mg to
reduce the risk of early reocclusion (50).

Lumbar sympathectomy is considered to be an
obsolete procedure for the treatment of critical ischae-
mia of the lower limbs in patients with diabetes mel-
litus (35).

In cases in which revascularisation through surgery
or interventional radiology proves to be impossible, or
in the event of failure, an infusion of prostacyclin can
be effective, at least in the short term (43). The drugs
validated for the treatment of critical ischaemia are the
prostanoids Iloprost (PGI2) and Alprostadil (PGE1)

and some scientific associations (ESC, EASD) recom-

mend - with evidence level A - treating patients affect-
ed by critical ischaemia and not susceptible to revascu-
larisation with infusions of prostanoids (48).

In addition to prostanoid infusions, conserva-
tive therapy of foot lesions with non-revascularisable
critical ischaemia also envisages pain sedation, im-
provement of the skin lesions and prolonging life by
effectively combining various therapeutic options: cen-
trally-acting analgesics, epidural analgesia especially in
cases of painful medicaments, medullary electrostimu-
lation and the treatment of deep and soft tissue infec-
tions (20).

Major and minor amputations

Poor tissue repair, persistent inflammation, the
presence of deep abscesses, osteomyelitis and systemic
involvement can lead to a very serious, clinical picture
of gangrene or necrosis, which from being localised can
extend widely, requiring minor or major amputation
surgery in order to radically remove the infected tissue.

The same risk factors that predispose to the de-
velopment of an ulcer can also be considered potential
causes predisposing to amputation, albeit with a num-
ber of differences. Peripheral arterial disease, for exam-
ple, which is often but not always associated with the
development of lesions of the lower limbs, as already
mentioned, proves to be a significant element of risk
for amputation surgery. However the main risk factors
for the development of gangrene and hence amputa-
tion are many and varied, and are shown in table (Tab.
3). It is important to point out how poor glycaemic
control can be the cause common to the development
and progression of many of the abovementioned risk
factors: peripheral arterial disease, microangiopathy,
alterations of the microcirculation, altered phagocytic
capacity of leukocytes, glycosylation of tissue proteins,
which contribute to the formation of ulcers of the low-
er limbs, delay tissue repair processes and favour the
evolution towards amputation.

Amputations of the lower limbs fall into two cat-
egories: major and minor. As a general rule, the more
distal an amputation and the less the loss of load, stabil-
ity and mobility, the more cardiopulmonary stress is re-
duced. However, surgery must be carried out in such a
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Table 3. The main risk factors for the development of gangrene
and hence of amputation

- peripheral arterial disease

- presence of diabetic neuropathy

- infection

- past personal history of amputation of a lower limb
- deformity or osteostructural alteration of the foot
- trauma

- Charcot foot

- altered visual perception

- poor glycaemic control

- advanced age

- male sex

- race (particularly black and Hispanic)

way that the part remaining can still support the weight
and allow the use of a prosthesis, orthesis, or of special
footwear especially designed to guarantee walking.

The level of amputation should be chosen to allow
good postoperative recovery, but at the same time, the
general conditions of the patient must be taken into
consideration.

Good tissue perfusion is the best condition for the
scar healing process during the postoperative period,
therefore, pre-operative assessment of the patient’s
vascular structure must be performed: if ankle pressure
is less than 50 mm Hg or transcutaneous oxygen pres-
sure (TcPO?2) is less than 30 mmHg, the probability of
successful healing after the amputation of a toe or of
the forefoot is very low (51-54).

Minor amputations (transmetatarsal amputation or
distal amputations)

Amputations are classed as minor when they are
entirely limited to the foot, including amputation-dis-
articulation at tibiotarsal level.

Depending on the site of the foot involved in the
procedure, they are classed as:

1) Amputations of the forefoot: end of the great toe,

great toe, first ray, small toes, central rays, ex-
ternal rays (V ray), transmetatarsal;

2) Amputations of the midfoot: Chopart level and

its variants;

3) Amputations of the rearfoot: calcanectomy, dis-

articulation of the subtalar joint, amputation-
Syme disarticulation, osteoplastic amputations.

An amputation wound is closed by first inten-
tion when the tissue is free from infection and well-
perfused. Open amputations are required when the
tissue is infected and necrotic. It is often possible to
salvage important load areas by performing a limited
resection with the management of an open ulcer. In
the case of extended, deep ulcers, skin grafts or recon-
structive plastic surgery may be considered, also with
tissue transplantation. During the initial postoperative
phase, for effective and rapid healing it is vital not to
load weight onto the limb, to continue with appropri-
ate antibiotic therapy, and to guarantee optimal meta-
bolic control and appropriate food intake.

In some cases, the part affected by gangrene
spontaneously detaches itself (auto-amputation); this
normally happens when the lesion has been present
for several months and the tissue is ischaemic. Experts
are favourable to surgical resection of the gangrene
each time joints or tendons are involved, provided that
the arterial supply is sufficient for the healing of the
lesion.

Last but not least, minor amputations do not
significantly impair walking, which can be facilitated
with the aid of a pair of therapeutic shoes or an ortho-
sis. A greater predisposition towards the development
of deformities may however occur, with a consequent
increase in the risk of further ulcers and new ampu-
tations; for this reason, strict controls are essential
throughout the patient’s life and special attention must
be paid to footwear, which may have to be modified or,
in certain cases, made to measure (55).

Major amputations (proximal with respect to the
metatarsal joint)

Severe ischaemia of the leg that cannot be revas-
cularised is the primary reason for amputating the
lower part of the leg. Prior to proceeding with surgery,
however, an attempt at revascularisation is always con-

sidered.
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The main risk factors for major amputation are:
old age, female gender, visual limitation and wide
spreading of the ulcers.

These operations are associated with a high mor-
tality rate and a significant risk of the loss of walking
ability. A non-curable ulcer is not an indication for a
major amputation. A major amputation is carried out
in the presence of intense uncontrolled pain at rest or
progressive necrosis of the tissues, with impossibility to
perform revascularisation. Other indications are severe
and progressive infections of the foot, in a leg without a
significant arterial disease, with or without sepsis, which
cannot be controlled by debridement and by conserva-
tive treatment, or clinical pictures characterised by seri-
ous neuro-osteoarthropathic deformities (56).

To facilitate rehabilitation it is very important to
preserve the knee.

Types of major amputation operations practised:

- transfemoral;

- transcondylar;

- disarticulation of the knee;

- transtibial.

Transfemoral amputation is usually indicated for
patients in generally poor conditions, in which large
wounds with complications cannot be tolerated. A
disarticulation of the knee should be considered in
patients who have ankylosis of the knee or who are
bedridden or seriously disabled.

The decision of the level of amputation normally
depends on the possibility of postoperative healing,
defined on the basis of techniques for measuring tissue
perfusion (TcPO2, laser-doppler, popliteal doppler).
The postoperative mortality rate is higher in cases of
transfemoral amputation (10-40%) compared to tran-
stibial amputation (5-20%).

After surgery, patients must be subjected to a per-
sonalised rehabilitation programme for postural re-ed-
ucation and for instructions on the use of the prosthesis.

Since, as already mentioned, patients undergo-
ing major amputations are subjected to a high risk
of a further contralateral amputation, a monitoring
programme for the remaining foot is of fundamental
importance, keeping in mind that, from the little data
currently available, the long-term survival of this type
of patient is, in any case, rather low (in certain cases

life expectancy < 40% after 3 years) (17, 56).

Hyperbaric oxygen therapy (HBOT) in the

treatment of diabetic foot

This is a method that exploits the solubility of oxy-
gen in plasma and which radiates to the tissues irrespec-
tive of the haemoglobin level. Even for short-lasting
treatments, the O2 tension levels remain high for sev-
eral hours after exposure. The oxygen is administered at
high concentrations (100%) by inhalation at an atmos-
pheric pressure greater than that at sea level. The ration-
ale of the method is based on a number of mechanisms:

- greater deposition of neocollagen for increased
speed of hydroxylation of proline and lysine res-
idues in procollagen;

- increased proliferation of fibroblasts;

- increased production of angiogenic substances
by macrophages;

- exaltation of leukocyte phagocytosis (increased
bactericidal action against aerobes);

- direct bactericidal action against anaerobes);

Not many papers have been published on HBOT
in the treatment of diabetic foot but over the past years
there have been numerous reports on the healing of
ulcers in patients with arterial disease and diabetes, as
proven by the Cochrane review (1).

The HBOT indications followed by our centre for
this particular disease, also on the basis of other data
(2) are:

- anaerobic infections;

- widespread infections of the soft tissues and/or

osteomyelitis;

- patients with class III, IV and V lesions accord-
ing to Wagner’s ulcer classification if the pO2tc
in the vicinity of the ulcer is < 30 mmHg. Hy-
perbaric oxygen therapy is however to be con-
sidered as an additional treatment and not as a
substitute for other therapies (57-59).

Negative pressure therapy and other advanced
therapies

Negative pressure therapy or VAC-therapy (Vac-
uum-Assisted Closure) consists of the application of a
subatmospheric pressure on the surface of the wound.
This technique stimulates the healing of the lesions
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through an increase in tissue perfusion, reduction of
the oedema and the bacterial load and stimulation of
the granulation tissue. Randomised studies have dem-
onstrated that VAC therapy has the power to reduce
the healing time of the ulcers and post-surgery wounds
of diabetic foot, thereby reducing length of stay in hos-
pital, rate of hospitalisation and consequently health-
care costs (60).

Other advanced therapies are fundamentally
represented by dermoepidermal equivalents and skin
substitutes which, applied by expert personnel, ensure
more rapid healing of the lesions. Use is also made of
gels formulated with platelet-derived growth factors
(PDGF) with the power to stimulate neoangiogenesis
and cell proliferation, and with epidermal growth fac-
tors (EGF) (61-64).

Prevention

A number of studies have demonstrated that a
regular examination of the feet, stratification of risk
and education of the patient can contribute to reduc-
ing the emergence of foot lesions in at least 50% of
patients (65).

The role of the diabetologist is to identify patients

at high risk in order to include them in an education
programme and monitor them closely (66). The risk
factors identifiable through clinical examination and
the taking of medical history are:

* previous ulcers/amputations;

* impairment of sensitivity (monofilament test

* impairment of perception of vibration;

* absence of Achilles reflex;

* social problems;

* IQ below normallimits;

* deformity of the toes or calluses if associated
with peripheral vascular disease or peripheral
neuropathy;

* inappropriate footwear.

On the basis of the risk assessment, various levels

of intervention are indicated (Tab. 4).

The routine care of the foot (cutting of toenails
and removal of calluses) should be carried out by an
expert podologist, and specialised orthopaedic person-
nel should make suitable footwear and arch supports
designed to off-load pressure from the areas at risk (67,
68), particularly in the forefoot (69).

The most effective educational approach is most
probably a combination of active learning with audio-
visual readings and classroom lessons both one-to-one

and in groups (66).

Table 4. On the basis of the risk assessment, various levels of intervention are indicated

Risk level

Type of intervention

Category 0

- has satisfactory sensitivity

- does not have ulcers

- possible deformities of the foot

- has a disease that could lead to insensitivity

- visit to the podology outpatients’ clinic at least once a year
- education of the patient, also regarding choice of footwear

Category 1

- does not have sufficient peripheral sensitivity
- does not have plantar ulcers

- does not have deformities of the foot

- suitable footwear
- soft insoles
- podology check-up every six months

- plantar pressure >500KPascal on the podobarograph during walking

Category 2
- does not have sufficient peripheral sensitivity
- does not have plantar ulcers

- has a deformity of the foot

- podology check-up every 3 months
- insoles prepared on the basis of the imprint
- prescribing of suitable shoes

- plantar pressure >1000KPascal on the podobarograph during walking
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Conclusions

The evolution of medical disciplines has made it
possible to create favourable conditions to reduce the
number of major amputations and guarantee effective
organisation involving various different professional
figures (diabetologist, vascular surgeon, orthopae-
dic surgeon, interventional angio-radiologist, plastic
surgeon, podologist, specialised nurse, orthopaedic
technician), who, on the basis of their individual com-
petencies, take care of and educate patients and their
families and can really make it easier to prevent the
complications of diabetic foot or salvage a limb affect-

ed by diabetic gangrene.
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